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Summary
Introduction: Chronic cerebrospinal venous insufﬁciency (CCSVI) is a newly suggested cause for
multiple sclerosis (MS) detected by color-coded Doppler sonography. Our aim was to evaluate
the relationship between CCSVI and MS compared to the control group.
Methods: The study was performed on 84 MS patients and 115 healthy subjects. The presence
of at least two of the extra- and/or intra-cranial Zamboni’s criteria was considered positive for
evidence of CCSVI.
Results: Although the total number of MS patients with any detectable CCSVI criterion wasInternal jugular vein
(IJV)
signiﬁcantly higher than the controls (22.6% vs. 10.4%, P = 0.019), only one out of 84 patients
fulﬁlled the Zamboni’s criteria (1.2% vs. none, P = 0.422).
Conclusion: Our results do not support the presence of a relationship between MS and CCSVI
criteria deﬁned by Zamboni.
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ntroduction
ultiple sclerosis (MS) is an autoimmune and neurodegener-
tive disease of the Central Nervous System (CNS) with the
xact cause still being unknown [1]. Chronic cerebrospinal
enous insufﬁciency (CCSVI) has recently been suggested as
probable cause for MS. Zamboni ﬁrst described this syn-
rome after observing reﬂux in internal jugular vein (IJV) as
result of valsalva maneuver in an MS patient which was
ollowed by more researches [2]. He also deﬁned a set of
riteria for the diagnosis of CCSVI, which is detected by tran-
cranial and extracranial color coded Doppler sonography
3].
The presumed mechanism behind this theory is the pres-
nce of a vein in the center of MS lesions in the CNS and
arenchymal iron deposition as the result of venous stasis
nd occurrence of neurodegeneration afterwards as a result
f an autoimmune reaction [2].
As the pathogenesis of MS is multifactorial and is not
learly deﬁned, this hypothesis attracted a lot of attention
ecause of the known treatment for venous insufﬁciency and
eversible nature of it that could also be applied to MS [3].
Many studies have been performed on the subject since
he hypothesis was introduced that have debating results.
ome of them claim a strong relationship between CCSVI
nd MS [3], while others report that there’s no relation-
hip between these two conditions [4—6]. Even systematic
eviews carried out on the subject admit that more stud-
es with similar methods are needed [7]. This need becomes
ore important when endovascular interventions are being
ffered to MS patients as a treatment for their venous insuf-
ciency [8].
The aim of this study was to evaluate the relationship
etween CCSVI and MS with a comparison to the control
roup in order to ﬁll a small gap in this ﬁeld. For the ﬁrst
ime, the study was performed on Iranian MS subjects.
ethods and subjects
ubjects and clinical assessments
his was an analytical cross-sectional study, which was con-
ucted in Firoozgar general hospital, Tehran, Iran, from
eptember 2010 to 2011. All of the clinically deﬁnite MS
CDMS) patients diagnosed using revised McDonald criteria
010 [9] who attended Firoozgar hospital’s neurology clinic
r were admitted in neurology ward were recruited into the
tudy. A total of 84 patients were studied, 2 patients with
rimary progressive MS (PPMS), 16 patients with secondary
rogressive MS (SPMS), 46 patients with relapsing-remitting
S (RRMS) and 20 patients with clinically isolated syndrome
CIS). One hundred and ﬁfteen subjects with no neurolog-
cal or other pertinent diseases were matched by age and
ex distribution with MS patients. Subjects with vasculitis or
ny vascular malformations were excluded from the study.
o invasive study was performed on the patients and con-
rols, informed consent was obtained from all of the subjects
nd they were not charged for the evaluations.
Demographic data of the patients, MS duration and organ
ystem dysfunctions (including GI, urinary, memory, visual,
otor, sensory, etc.) were also recorded at the visit or by
M
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alling the patients in case they were not able to attend the
linics. The Kurtzke expanded disability status scale (EDSS)
ethod was used to quantify disability of MS patients [10].
easuring EDSS was done by one neurologist to decrease
robable interpersonal errors.
ltrasound assessment
ll of the studied subjects underwent color-coded sono-
raphic evaluation of intracranial [deep middle cerebral
ein (DMCV)] and extracranial [bilateral jugular] veins.
For bilateral jugular veins assessment, a 6.0MHz lin-
ar probe and for intracranial veins, a 2.0MHz phase array
robe was used (MyLabTM 40, Esaote, Italy). Each subject
nderwent ultrasound evaluations twice. The ﬁrst time was
n supine position and then in upright (90◦, sitting) posi-
ion. Velocity of intra- and extracranial veins was recorded.
he diameter of bilateral internal jugular veins was also
easured using B mode imaging in horizontal plane. When
easuring veins’ diameter, special attention was paid not to
ompress the veins by the probe.
The mentioned indices were measured in patients and
ontrols in supine and upright positions, on an identical
oint and the differences between these 2 measures were
alculated.
Cerebrospinal venous return was also assessed in subjects
hile they were positioned on a tilt bed. The blood ﬂow to
he opposite of physiologic direction for more than 0.88 s in
xtracranial and more than 0.5 s in intracranial veins were
onsidered as reﬂux in the subjects [11].
To decrease interpersonal measurement errors, one spe-
ialist performed all of the assessments. If there was a
igniﬁcant respiratory variation in the blood ﬂow velocity
nd the diameter in the assessed veins within subjects, we
sked the patient to hold his breath for a short time after
normal exhalation, and the assessments were performed
n these breathless times. If there was a local narrowing in
he vein, all of the available length of the vein was studied
n sagittal plane for more accurate measurements.
The vein diameter less than 0.4 cm2 in supine position
as considered stenosis.
The presence of 2 or more of the following criteria was
nown as CCSVI in studied patients:
. A reﬂux in right or left internal jugular veins.
. A reﬂux in deep middle cerebral vein.
. An evidence of internal jugular vein stenosis.
. Increase in the diameter of internal jugular vein in the
sitting position, rather than decreasing [3].
tatistical analysis
he data were analyzed using SPSS software v.16 for
indows. One sample K—S test was used to check the dis-
ribution of quantitative variables. To compare normally
istributed variables between the 2 groups Indepen-
ent Samples T-test was used and in skewed variables
ann—Whitney U test was performed. In qualitative data,
hi-square test was used. In order to evaluate the relation-
hip between 2 continuous variables we used correlation
est, Pearson r in normally distributed and Spearman’s r
Chronic cerebrospinal venous insufﬁciency
Table 1 Baseline characteristics of the recruited MS
patients (n = 84).
Baseline variable Description
Age (yr)
Mean± SD 36.44± 11.44
Gender (%)
Female 61 (72.6%)
Male 23 (27.4%)
Disease duration (yr)
Mean± SD 8.94± 8.56
MS type (%)
RRMS 54.8%
PPMS 2.4%
SPMS 19%
CIS 23.8%
EDSS score
Mean± SD 3.95± 2.75
Symptoms (%)
Sensory dysfunction 78.8%
Visual dysfunction 72.3%
Motor dysfunction 66.2%
Pain 38.5%
Memory dysfunction 53.8%
facial palsy 20%
Urinary dysfunction 40.6%
Balance disturbance 64.6%
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Interferon therapy (%) 80%
in skewed data are reported. P-Value less than 0.05 was
considered statistically signiﬁcant.
Results
Baseline characteristics
Eighty four multiple sclerosis (MS) patients and 115 healthy
controls were recruited in this prospective study. The
patients group consisted of 61 (72.6%) female and 23 (27.4%)
male with the mean age of 36.44± 11.44 yr which was
matched with the control group involving 78 (67.8%) female
and 37 (32.2%) male with the mean age of 35.92± 10.73
(P = 0.467 and 0.754 for gender and age, respectively).
All of the demographic and disease characteristics of the
patients are listed in Table 1. As it is shown, the mean
duration of disease and EDSS score were 8.94± 8.56 yr and
3.95± 2.75, respectively. Sensory dysfunction was the most
common symptom among MS cases (78.8%).
Transcranial color-coded Doppler (TCCD)
assessment
TCCD evaluations of right and left internal jugular veins
(IJVs) and deep middle cerebral vein (DMCV) were per-
formed for all of the patients and healthy controls in two
positions — supine and sitting. The mean of blood ﬂow
velocities (BFV) and cross-sectional diameters or areas (CSA)
of evaluated cerebral veins are reported and compared
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etween the two groups of study in Table 2. The mean BFV of
he right IJV was 54.07± 22.71 cm/s and 53.74± 20.39 cm/s
n MS patients and controls, respectively. Although the mean
hanges () of BFV of the right IJV after altering to the
itting position was lower in patients’ group, the differ-
nce was not statistically signiﬁcant (7.48± 5.45 cm/s vs.
4.38± 4.02 cm/s, P = 0.301). A similar ﬁnding was observed
or the left IJV, too (6.24± 5.10 cm/s vs. 14.68± 3.63 cm/s,
= 0.168).
The mean CSA of the right IJV in the supine posi-
ion was signiﬁcantly lower in MS group compared with
he healthy controls (1.02± 0.55 cm2 vs. 1.17± 0.50 cm2,
= 0.038). While the mean CSA changes were not statisti-
ally signiﬁcant either in the right or the left IJV between the
wo study groups (P = 0.109 and 0.943). Moreover, the mean
FV of the DMCV was not signiﬁcantly different between
atients group and the healthy controls (64.25± 23.48 cm/s
s. 60.98± 15.85 cm/s, P = 0.337).
Table 3 shows the qualitative comparison of the postural
hanges in BFV of IJVs between two groups. Both in the MS
atients group and healthy controls, the BFVs of IJVs were
ncreased in the majority of evaluated cases following sit-
ing position. Even though this increase occurred more in
he control group, the difference could not meet the sig-
iﬁcant level (P = 0.334 and 0.199 for the right and left IJV,
espectively).
hronic cerebrospinal venous insufﬁciency (CCSVI)
riteria
ore TCCD assessment was performed to evaluate other
CSVI criteria. As summarized in Table 4, the results of
ishers’ exact test show that IJVs’ reﬂux was signiﬁcantly
ore frequent in MS patients (8.3% vs. 1.7%, P = 0.038).
n the other hand, no DMCV reﬂux was detected either
n MS patients or healthy controls. Evidence of proximal
JV stenosis was observed in 10 (12%) patients and 7 (6.1%)
ealthy subjects which failed to show any signiﬁcant differ-
nce (P = 0.145). Of 84 MS cases, only 3 (3.6%) were found
ith an increase in the diameter of IJVs in the sitting posi-
ion which was not signiﬁcantly different with the reported
requency percentage of 2.6% among the reference controls
P = 0.695).
Although the total number of MS patients with any
etectable CCSVI criterion was signiﬁcantly higher than the
ontrols (22.6% vs. 10.4%, P = 0.019), only one out of 84
atients fulﬁlled the Zamboni’s criteria for CCSVI with at
east two mentioned criteria (1.2% vs. none, P = 0.422).
isease characteristics and (CCSVI) criteria
ore detailed analysis was performed to assess any prob-
ble relationship between MS characteristics and CCSVI
riteria in patients group. Mean EDSS score and disease
uration of the cases with at least one CCSVI criteria was
igher than MS patients without any abnormal TCCD ﬁnd-
ngs (EDSS: 4.72± 2.72 vs. 3.67± 2.73; disease duration:
0.81± 9.07 vs. 8.33± 8.38 yr). Nevertheless, these differ-
nces were not statistically signiﬁcant (P = 0.168 and 0.269,
espectively). Motor dysfunction (75% vs. 63.3%, P = 0.546),
ensory dysfunction (93.85 vs. 74%, P = 0.159), pain (43.8 vs.
378 M. Mehrpour et al.
Table 2 Mean comparison of baseline characteristics, blood ﬂow velocities (BFV) and cross-sectional vessel diameters or areas
(CSA) of evaluated cerebral veins between MS patients and healthy controls.
Variable Group of study P-Value
MS patients (n = 84) Healthy controls (n = 115)
Age (yr)
Mean± SD 36.44± 11.44 35.92± 10.73 0.754
Gender (%)
Female 61 (72.6%) 78 (67.8%) 0.467
Male 23 (27.4%) 37 (32.2%)
BFV of right IJV (cm/s)
Mean± SD
Supine 54.07± 22.71 53.74± 20.39 0.918
Sitting 61.09± 39.38 69.03± 34.56 0.156
 7.48± 5.45 14.38± 4.02 0.301
BFV of left IJV (cm/s)
Mean± SD
Supine 47.73± 22.20 47.78± 21.73 0.872
Sitting 51.96± 37.15 59.52± 32.42 0.165
 6.24± 5.10 14.68± 3.63 0.168
CSA of right IJV (cm2)
Mean± SD
Supine 1.02± 0.55 1.17± 0.50 0.038*
Sitting 0.12± 0.14 0.12± 0.10 0.179
 0.92± 0.55 1.05± 0.52 0.109
CSA of left IJV (cm2)
Mean± SD
Supine 0.82± 0.60 0.76± 0.41 0.942
Sitting 0.16± 0.36 0.14± 0.19 0.334
 0.68± 0.73 0.62± 0.40 0.943
BFV of DMCV (cm/s)Mean± SD 64.25± 23.48 60.98± 15.85 0.337
Table 3 Qualitative comparison of postural changes in blood ﬂow velocities (BFV) of internal jugular veins between MS patients
and healthy controls.
Variable Group of study Chi-square P-Value
MS patients (n = 84) Healthy controls (n = 115)
BFV of right IJV (%)
Increased 51.5% 62.9%
2.19 0.334Decreased 45.5% 35.2%
Unchanged 3% 1.9%
BFV of left IJV (%)
Increased 53.1% 61.6%
3.23 0.199Decreased 45.3% 33.3%
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6.7%, P = 0.617) and balance disturbance (81.3% vs. 59.2%,
= 0.139) were all reported to be more frequent in patients
ith any CCSVI criterion. However, these differences were
ot statistically signiﬁcant.
iscussionamboni, ﬁrst reported reﬂux from the chest into the IJV
sing duplex scan during valsalva maneuver in MS patients
2] and based on previous reports about the relationship
r
b
o
Setween dilated cerebral veins and inﬂammatory MS lesions
12,13], he presented the hypothesis that there may be a
ole for the venous system, following iron deposition in the
athogenesis of MS. Until now many studies have been per-
ormed on the subject with conﬂicting results.
The most prominent ﬁnding in our study was that our
esults do not support the presence of a relationship
etween MS and CCSVI criteria deﬁned by Zamboni [3]. Only
ne MS patient fulﬁlled the Zamboni’s deﬁnition for CCSVI.
tatistically signiﬁcant difference between the 2 groups was
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Table 4 Comparison of chronic cerebrospinal venous insufﬁciency (CCSVI) criteria according to Zamboni description [3] between
MS group and healthy controls.
Criterion Group of study Chi-square P-Value
MS patients (n = 84) Healthy controls (n = 115)
Reﬂux in right or left IJVs (%) 7 (8.3%) 2 (1.7%) 4.89 0.038*
Reﬂux in DMCV (%) — — — NS
Stenosis in right or left IJVs (%) 10 (12%) 7 (6.1%) 2.13 0.145
Increase in diameter of IJVs in the sitting position (%) 3 (3.6%) 3 (2.6%) 0.15 0.695
CCSVI (%)
Any single criterion detectable 19 (22.6%) 12 (10.4%) 5.48 0.019*
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found in only one criterion (reﬂux in the IJV). Although,
the total number of MS patients with any detectable CCSVI
criterion was signiﬁcantly higher than the controls. Doepp
and colleagues also did not ﬁnd a difference between the 2
groups based on the criteria but in 2 other venous indices
[4]. We also detected the blood ﬂow using Doppler in all of
the MS patients with a direction toward the heart.
Although the mean changes of BFV of the bilateral IJVs
after altering the position from supine to sitting was lower
in patients’ group, which means that the increase in veloc-
ity was smaller in MS patients, but this difference was not
statistically signiﬁcant. A larger proportion of MS patients
had decreased velocity, and the percentage with increased
velocity was more in healthy controls. These ﬁndings are
not in accordance with Doepp et al.’s study that shows a
decrease in velocity in reference group and an increase in
the patients’ group, which they relate to sympathetic chain
involvement in MS patients [4].
No reﬂux was found in DMCV, which is in accordance with
the results of Baracchini et al. [5].
Of 84 MS cases, 3.6% were found with an increase in the
diameter of IJVs in the sitting position, which was not signif-
icantly different with the reported frequency percentage of
2.6% among the reference controls. But this is not as much as
reported by Zamboni, showing the impaired postural regu-
lation of the veins. The CSA of IJV typically decreases when
changing the position from supine to sitting, because the
vein collapses partially. Our study results are in accordance
with Doepp et al. [3,4,14].
Mean EDSS score and disease duration of the cases with
at least one CCSVI criteria was higher than MS patients
without any abnormal TCCD ﬁndings, which also had a rela-
tionship with increasing age and the possible effect of aging
on venous system.
Zivadinov and Wattjes compared extracranial venous
system in MS patients and healthy controls, using MR venog-
raphy and did not ﬁnd any signiﬁcant difference in IJV and
vertebral veins blood ﬂow between the 2 groups [15,16].
These reports are in agreement with our results that show no
statistically signiﬁcant difference between blood ﬂow veloc-
ity in IJV of both sides between MS patients and healthy
controls (Table 2). But is in disagreement with Simka [17]
and Hojnacki’s [18] studies. Simka et al. evaluated 70 MS
patients using Doppler sonography and reported 90% of the
patients with at least 2 of 4 extracranial criteria, being
positive and also a high rate of reﬂux and IJV stenosis [17].
t
a
s
m0 1.38 0.422
ojnacki et al. assessed 10 MS patients and 7 healthy con-
rols and observed CCSVI in all MS patients and none of the
ealthy controls, according to the Doppler sonography cri-
eria [18].
Centonze and colleagues also did not ﬁnd a relation-
hip between CCSVI and MS, reporting that the tendency
or CCSVI occurrence was the same in patients and control
roup and also suggest that any possible stricture in the IJV
s for compensation of disease process in the patients [6]. As
t’s shown in our results, the mean CSA of the right IJV in the
upine position was signiﬁcantly lower in MS group compared
ith the healthy controls, but stenosis was not signiﬁcantly
ore in MS patients.
In studies performed by other researchers on patients
ho underwent internal jugular vein resection for causes
uch as malignancies, none of them ended to MS [19,20]. It
ust be taken into account that the absence of a relation-
hip between IJV resection (uni- or bilateral) and MS in these
tudies might be because of a short period of follow up. Actu-
lly, there are some other conditions that affect the venous
rainage of the brain like cerebral venous thrombosis, idio-
athic intracranial hypertension, and chronic obstructive
ulmonary disease, but there is no evidence that these dis-
rders are associated with an increased risk of developing
S [8] that brings the results of those studies into challenge
nd seeks more investigations.
imitations and suggestions
ne of the advantages of our study was the large number of
articipants in the study compared to previous researches,
4 patients with MS and 115 healthy controls.
Most of the participants in our study were RRMS and SPMS,
ith a small percentage of PPMS. We recommend future
tudies to include other types of MS in the evaluation to
heck for differences between all types of the disease.
As there is controversy between different studies assess-
ng CCSVI criteria in MS patients and above-mentioned
eports about IJV resection consequences, reconsidering the
riteria may be an option. Another reason for these con-
roversies might be differences in techniques, instruments,
natomical site and patient’s position when performing
onography, which can be decreased by using the same
ethod and mode of sonography.
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The person who performed sonographic evaluations was
ot blind to patient’s group in our study. Blinding the asses-
ors also can decrease the bias in the future studies.
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